The main objective of this study is to assess the quality of the cold forging hole by focusing the roundness of the hole. In this study, a cold forging process of blind hole of Aluminum Alloy AA6061 experimental rig was developed. In the experiment, two major design parameters i.e. the depth of embossing and diameter of the punch were studied and their influence to the roundness was measured based on the profile obtained from the surface measurement technique. The results will be validated using commercial roundtest machine.
employing Genetic Algorithm (GA). The integration can be achieved by formulating the objective function of the models, then the initial populations are generated to solve this problem simultaneously.
In practice, there are various engineering components that have been produced through forging or machining process, that concern on roundness such as cylinder bores and connecting rods. Usually measurements were made to evaluate the roundness due to wear and distortion. Choi et al., [11] study the few process parameters, such as feed rate and rotation angle in open die forging of a round shape using Finite Element Method (FEM). Roundness become one of the quality criteria of the product. Similarly, Wang et al [12] studied the outer diameter of a bar and the effect of compression ratio to the roundness was taken into consideration in their study. From all of the developed approaches, none of them utilizes the profile measurement technique as their tool. This system is easier, reliable and faster compared to the other image processing techniques.
In this study, roundness of the blind hole produced via cold embossing will be investigated. The paper will present the preliminary result found on the roundness evaluation of cold forging internal bore utilizing the profile measurement technique. The paper starts with introduction and followed by the experimental setup and profile measurement process. Then the result will be presented and discussed. The paper ends with conclusions.
Experiment Setup, Simulation and Profile Measurement
Specimens of AA6061 with a diameter of 17-20 mm and height of 10 mm were prepared and located on the test rig as shown in Fig. 1 . Punch with different diameter will be used to form the blind hole at different depth as outlined in the Table 1 . The experiment was conducted at room temperature using 100 tons mechanical press machine. The speed of the machine is approximately 250 mm/s and for lubrication, an ordinary engine oil was used. Fig. 1 The test rig setup for the blind hole forging process Advanced Materials Research Vol. 626 Fig. 2 show the resulted blind hole. In this experiment, it is difficult to control location of the hole, therefore, most of the holes are not centered and this problem could be minimized by adopting a close die. After that, using the commercial 3D edge variation system namely Infinite Alicona System, the profile of the hole was constructed and the roundness was evaluated. The scanned hole and the mapped profile shown in Fig. 3 (a) and (b) respectively. Based on the mapped profile, the hole diameter, D hole can be measured. At the current stage, the value is based on the average diameter measured along the hole's profile. 2D simulation of the embossing process has been performed to observe the load pattern. Fig. 4 show the models and the resulted profile. For this simulation, the material properties of the material is based on the available material in the library and friction coefficient is set as 0.12 as the process is invloving aluminum material and engine oil as the lubricant. While the temperature is set to 25 o C. Both punch and die are consider to be rigid. 
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Result and Discussion
Roundness sometimes referred to as circularity, is a feature control for a surface of revolution such as cylinder, hole, sphere, cone, and so forth. It specifies that all points of a surface must be equidistant from the centerline or axis of the object in question. The tolerance zone for roundness is formed by two concentric and coplanar circles between which all points on the surface of revolution must lie. The discussion is more focus on the roundness evaluation of the blind hole based on the scanned image. Two parameters, the punch diameter and depth of the embossing have been studied and the effect to the quality of the hole has been evaluated. Table 2 summarized the preliminary result of the average diameter of the hole measured on the obtained profile of the hole. Based on the result, both hole with diameter 3 and 10 mm depict an increment in % of deviation, while specimen with diameter of 5 mm shown decrement. In other aspect, the specimen with diameter of 3 and 5 mm shown positive deviation, depict that the forged holes diameter is larger than the targeted one. Whereas for specimen with diameter of 10 mm shown a negative deviation, which means that the hole shrink as the punch unloaded. This may due to higher load requires, result in the punch to shrink. Simulation of the embossing process proves that, the load increased tremendously as the diameter increases. Fig. 5 shows the load versus displacement pattern of different diameter of the punch. Overall performance of the cold forged hole is still with the acceptable tolerance set for this assembly i.e. 0.25mm. For validation, measurement using Mitutoyo Roundtest machine was performed and the result show an agreement with the presented method. Due to instable hole, specimen with diameter of 10 mm cannot be measured. From the experiment, the maximum roundness error is 13 µm. Fig. 5 The load versus displacement pattern at different punch diameter Advanced Materials Research Vol. 626 567 Diameter, mm  3  1  5  3  7  5  13  5  1  6  3  4  5 3
Conclusion and Future Works
The main objective of the study is to evaluate the roundness quality of the cold embossed part. The evaluation is based on the profile deviation and here the profile measurement technique was utilized. The result found that, the overall quality of the produced holes is within the acceptable tolerance. The quantified error is found to be in agreement with the experimental. For future works, a systematic technique will be developed to measure a circular geometry, including roundness, concentricity, run-out, cylindricity, coaxiality and other parameters based on profile measurement technique.
